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Following removal of the epidermis from t he backs of CD-l female mice, the epidermis is 
regenerat ed from the underlying resting hair follicles. The ep idermis, which is normally 2 cell 
layers in thickness, reaches 7 cell layers by 5 days after abrasion and maintains this thickness 
t hroughout the rest of t he 7-day experimental period . DNA and prote in accumulate 
coordinately with the increase in epiderm al wet weight as the regenerating epidermis 
t hickens, reaching 3 to 4x normal levels by day 5. In contrast, RNA accumulates 
disproport ionately, reaching levels over 12x t hat of normal by day 5. The unbalanced 
accumulation of RNA is a lso seen per cell since t here is a 3- to 4- fold increase in t he 
RNA/DNA rat io as well as an approxim ately comparable increase in RN A/prot ein . 
P rote in/DN A does not increase markedly during regeneration, although at days 6 and 7 it 
does increase slightly. 
T he kinetics of mobilization of t he various spe-
cies of RNA during regeneration of adult mamma-
lian organs, such as liver and kidney [1), is an area 
of marked current interest. The reason for t his 
interest is that the various spec ies of RNA make up 
the protein synthetic machinery of cells. There-
fore, an understandin g of how cells mobilize their 
RNA during regeneration would help us to under-
stand how cells marshall their protein syntheti c 
machinery for regenerative growth, and contribute 
to our understanding of how regenerative growth 
is controlled . 
In contrast to organs such as liver and kidney 
where one can remove the regenerating organ at 
intervals and measure t he increase in organ mass, 
t he measurement of t he increase in mass during 
regeneration of surface epithelia is not easily mea-
sured. T his has inhibited studies on t he k ineti cs of 
increase of tissue mass, as well as on the kinetics of 
accumulation of RNA and the other major mac-
romolecules during epi thelial regeneration. 
I have presented a simple technique which 
permi ts the measurement of increases in epiderm al 
wet weight on t he back of a mouse during regenera-
tion following abras ion [2 ). In this paper I wish to 
present results of an investigation of t he mobiliza-
tion of RN A during epiderm al regeneration which 
demonstrates that following abrasion, RNA accu-
mulates disproportionately to t he accumulation of 
DNA, protein, and epidermal wet weight. 
MATERIALS AND METHODS 
Female CD- l mice approx im ately 40 days of age were 
purchased from Charles River Farms, Wilmington, 
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M ass., and as before [3- 5] acclimatized for about 14 days 
prior to being used fo r an experiment. At t his t ime t he 
mice were usually in t he resting phase of t he ha ir growth 
cycle as determined by histolog ic study. T he mice were 
kept in an a ir-condit ioned anim al room wit h a 12-hr 
light/dark cycle. Food pellets and water were available ad 
libit um. The technique fo r abrasion has been described in 
deta il [2]. Brief1 y, mice are anesthetized , clipped , and 
t reated wi t h a dep il atory. The backs of t he m ice are 
abraded using an emery whee l mounted on a power tool. 
The procedures for t ryps ini zing and harvesting the 
epiderm is have already been described [3,4 ]. 
The technique for measuring the tota l changes in 
epidermal wet weight during regeneration on t he backs of 
mice can be found in a recent publication [2]. Briefly, 
groups of 16 mice had t he abraded area cut out and 
placed in saline at 4 DC. T he fat and muscle layers of t he 
skin were scra ped away and the scraped pieces of skin 
were pl aced on a light box and t raced on a piece of clear 
acetate. T he pieces of scraped skin were pl aced in 0.5 % 
trypsin for 3 hr , then the epidermis was scraped off with a 
scalpel, was hed in 3 changes of saline, dried as t hor-
oughly as possible, and weighed [3 ]. Approximately 200 
to 300 mg of epidermis were obta in ed from the backs of 
16 normal mi ce [3,4]. Three to four days afte r abras ion 
epidermal yield was 50 to 80 mg epidermis, and at 5 to 7 
days after abras ion was about 200 mg. The area of sk in 
represented by t he acetate cutouts was determined by 
use of a prev iously prepared standard curve in which t he 
weight of pieces of clear acetate of known area had been 
determined . From the area 0(' bac k skin from which t he 
epidermis ca me, the amount of epidermis overlying 100 
cm ' of dermis could be calcul ated . Wit h regeneration, t he 
weight of ep idermis overlying t he stand ard a rea of dermis 
increases because t he epiderm is t hickens as it regener-
a tes. 
RNA and DNA were extracted from 1 ml of 4% (w/v) 
epidermal homogenate us ing the Schmidt-Thannhauser 
procedure [4 ]. RNA was measured using 1 A'6o = 32 
Il g RNA/ml (4 ). DNA was measured using the di-
phenyla mine reaction [4]. P rotein was measured by the 
procedure of Lowry et al [6]. The technique for use of 
colchicine, as well as that for t he preparation of his-
tologic sections, has been described [2 ]. 
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Statistical analysis was done using Student's t-test. P 
values of 0.05 or less were considered s ignificant. 
RESULTS 
The detailed histologic changes during epider-
rndl regeneration following abrasion have been 
described [2 ]. In summary, abrasion results in the 
removal of the epidermis, normally 2 cells thick, 
with minimal apparent damage to the dermis [2 ]. 
Epidermal resurfacing begins within 2 days. The 
cells for resurfacing appear to come from the 
underlying hair follicles. By 3 days, the regenerat-
ing epiderm is is 3 or 4 nucleated cell layers in 
thickness. T he regenerating epidermis reaches its 
peak of thickness (about 7 nucleated cell layers) by 
5 days (Fig.), and remains at this thickness for the 
rest of the experimental period. 
Table I shows t hat there is, on t he average, 0.182 
rng of epiderm is overlying 100 cm 2 of dermis in t he 
back skin of normal CD-1 female mice of about 54 
to 56 days of age, whose sk in is in the resting phase 
of the hair growth cycle . There is histologic evi-
dence that ep idermal regeneration occurs during 
the first 2 days after abrasion but it is so small in 
amount, and the regenerating epidermis is 
attached to the overlying scab so tenaciously, that 
the regenerating epidermis cannot be harvested 
during th is t im e (2 ). By 3 days, the regenerating 
epidermis, after removal of the overlying scab, can 
be harvested and about 84% of the normal epider-
mal wet weight has been restored . Between 3 and 5 
days there is a further increase in ep idermal wet 
weight, reaching a peak of3.7 x normal. Epidermal 
wet weight t hen levels off for t he rest of the 
experimental period. That the increase in epider -
Ihal wet weight represents a real increase in 
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F IG. Comparison of regenerating mouse epidermis 
i days afte r ab ras ion , with normal mouse epidermis (H & 
€, x 330). Note the many colch icine-arrested mitotic 
"gures and the enl arged basophilic cells with enl arged 
IUclei in t he regenerating epidermis (A) . . Normal epid er-
ll is (B) s hows s maller ce lls and nuclei, a nd a s 1l1gle 
!olch icine-arrested mitotic figure . 
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TABLE 1. Increase in epidermal wet weight and protein in 
the skin of female mice following abrasion 
Days gill Epidermis Regen- mg Prqtein 
post ove rlying 100 erating/ per 100 em' 
abras ion e m :.! dermis normal epidermis 
Control 0.182 ± 0.025" 24.6 ± 2.57 
(9)" (9) 
3 0.154 ± 0.012 0.84 18.4 ± 2.20 
(8) (7) 
4 0.331 ± 0.039< 1.81 60.1 ± 6.57< 
(8) (7) 
5 0.674 ± 0.032< 3.70 103.7 ± 12.9< 
(9) (7) 
6 0.618 ± 0.034< 3.40 105.8 ± 5.75< 
(8) (7) 
7 0.672 ± 0.055< 3.69 102.7 ± 7.95< 
(11) (10) 
"Average ± standa rd error of the mean 
b Number of determinations in parentheses 
< p ~ 0.001 
Regen-
erat ing/ 
normal 
0.75 
2.44 
4.21 
4.30 
4.17 
epidermal mass and not just accumulation of 
fluids, is indicated by the fact that the total 
protein of the regenerating epidermis also in-
creased during the experimental period (Tab. 1). In 
fact, on a percent basis, it increases slightly more 
t han epidermal wet weight. Also increasing coordi-
nately with wet weight and protein is the total 
DNA content of the regenerating epiderm is (Tab 
II). In contrast, RNA increases disproportionately 
to t he changes in epidermal wet weight, protein , 
and DNA (Tab IIJ. Moreover, RNA is significantly 
increased at 3 days adter abrasion, a time at which 
wet weight, protein, and DNA have not signifi-
cantly increased from normal. By 5 days after 
abrasion RNA increases have reached their peak, 
almost 13 x that of control. 
To determine the changes in RNA per epidermal 
cell the ratios of RNA/DNA were calculated as sho~n in Table III. It is clear t hat RNA also 
accumulates excessively per epidermal cell. By 3 
days after abrasion, RNA/DNA is increased 68% 
above normal and it reaches about 3.5 x normal by 
5 days. That t he increased RNA/DNA ratio is not 
an artifact of a lowered DNA content is shown in 
Table N. DNA/gm of epidermis never decreases 
significantly below normal levels. Indeed, on days 
3 and 4 it shows a small but statistically significant 
increase. Table N shows that RNA/gm epidermis 
increases similarly to t he RNA/DNA ratio. 
The disproportionate accumulation of RNA per 
cell cannot be attributed to simple cell enlarge-
ment of t he regenerating ep idermal cells. RNA/ 
prote in ratio also increases in the regenerating 
epidermis, with the increase being almost, but not 
quite , as high as that of the ratio of RNA/DNA 
(Tab. III). Table IV indicates that t he protein/gm 
epidermis does not decrease from normal, thus the 
increased RNA/protein is not an artifact due to a 
decrease in the protein concentration. Table III 
also shows that the protein/DNA ratio does not 
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change significantly except at 6 and 7 days, when 
there is a slight, but statistically significant, in-
crease. 
DISCUSSION 
Removal of mouse epidermis from the skin of 
CD-l female mice in the resting phase of the hair 
growth cycle by abrasion results in a rapid regener-
ation of the epidermis from the underlying resting 
hair follicles [2]. By 3 days after abrasion, when 
epidermal wet weight is first measurable, epider-
mal wet weight has increased to 84% of normal wet 
weight. Between 3 and 5 days there is a further 
rapid increase in epidermal wet weight, reaching a 
peak at 5 days. At this time epidermal wet weight 
TABLE II. Accumulation of RNA and DNA in 
regenerating female mouse epidermis following abrasion 
Days mg RNA Regen- mg DNA 
post perlOOem' erating/ per 100 em' 
abrasion epidermis normal epidermIs 
Control 0.219 ± 0.014" 0.758 ± 0.073 
(9)" (9) 
3 0.421 ± 0.033e 1.92 0.828 ± 0.097 
(4) (4) 
4 1.53 ± 0.25" 7.09 1.69 ± 0.21d 
(6) (7) 
5 2.74 ± 0.19d 12.5 2.60 ± O.17d 
(9) (9) 
6 2.34 ± 0.16d 11.0 2.30 ± 0.14" 
(7) (6) 
7 2.64 ± 0.32" 12.0 2.38 ± 0.19d 
(11) (11) 
. 0 Average ± standard error of the mean 
• Number of determinations in parentheses 
c p ~ 0.01 
d P ~ 0.001 
Regen-
erating/ 
normal 
1.19 
1.70 
3.43 
3.03 
3.13 
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is over 3 x that of normal. The num ber of nucleated 
cell layers is about 7, compared to 2 of normal 
epidermis [2]. Thus, epidermal regeneration is 
marked by a very significant overshoot in the 
amount of regenerated mass, since eventually the 
number of nucleated cell layers will return to 2, 
and the epidermal wet weight will return to nor-
mal. This marked overshoot is in contrast to other 
forms of organ regeneration, such as liver, where 
there is no significant overshoot in the mass 
restored [1]. 
The total protein and DNA, that is the protein 
and DNA/lOO cm 2 epidermis, increase essentially 
coordinately with epidermal wet weight. The 
slightly higher percent increase in protein com-
pared to epidermal wet weight and DNA may be 
due to an increased amount of keratin in the regen-
erating epidermis from 5 days on. The slight, but 
statistically significant increase in DNA/gm epi-
dermis at 3 and 4 days is probably not an artifact. 
due to leukocytic infiltration, since the scab is 
removed prior to trypsinizing the pidermis, and 
the trypsinization process separates the regenerat-
ing epidermis from the leukocytic infiltrate in the 
dermis [2]. This has been confirmed by repeated 
histologic examination of samples of the isolated 
trypsinized regenerating epidermis. 
In contrast to the coordinate increase in protein 
and DNA with epidermal wet weight, RNA accu-
mulates disproportionate ly. It reaches an increase 
of over l2 x that of normal, compared to the 3 to 
4x increases for protein, DNA, and epidermal wet 
weight . This disproportionate RNA accumulation 
is also seen per epidermal cell, since there are very 
significant increases in the ratios of RNAIDNA 
and RNA/protein. Moreover, the disproportionate 
RNA accumulation is present throughout the 
entire regenerative period measured . That is, both 
during the period of rapid thickening from 3 to 5 
TABLE Ill. Ratios of RNA IDNA , RNA/protein , and proteinlDNA in regenerating femal e mouse epidermis following 
Days post RNAIDN A Regenerating/ abrasion normal 
Control 0.305 ± 0.021" 
(10)" 
3 0.513 ± 0.018< 1.68 
(4) 
4 0.873 ± 0.041< 2.86 
(7) 
5 1.06 ± 0.045< 3.47 
(9) 
6 0.992 0.079< 3.25 
(6) 
7 1.11 ± 0.099c 3.64 
(11) 
o Average ± s tandard error of the mean 
"Number of determinations in parentheses 
< p ~ 0.001 
d P ~ 0.05 
abrasion 
RN A/protein Regenerating/ Protein /DNA Regenera ting/ normal normal 
0.00930 ± 0.0024 34.3 ± 3.2 
(10) (10) 
0.0177 ± 0.0018" 1.90 30.1 ± 4.6 0.88 
(4) (4) 
0.0256 ± 0 .00089c 2.75 33.6 ± 0.049 0.98 
(6) (6) 
0.0299 ± 0.0040< 3.21 40.7 ± 4.6 l.19 
(7) (6) 
0.0222 ± 0.0011< 2.38 45.0 ± 3.1" l.31 
(7) (6) 
0.0256 ± 0.0018" 2.75 42.9 ± 1.9" l.25 
(11) (12) 
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TABLE IV. RNA , DNA , and protein in regeneratin.g female mouse epidermis following abrasion 
Days post RNA Regeneratin g/ DNA Regen e rat.ing/ Protein Regenerating/ 
abrasion (mgfgm epidermis) nonn al (mg/ ml epidermis) normal (mgf m} epidermis} norma} 
Con trol 1.20 ± 0.061" 4.04 ± 0.026 138 ± 8.0 
(10) " (10) (9) 
3 2.28 ± 0 .58 1.90 5.19 ± 0.38c 1.28 151 ± 7.3 1.09 
(5) (5) (9) 
4 4.11 ± 0.29" 3.43 5 .07 ± 0. 20" 1.26 171 ± 4 .8c 1.24 
(7) (7) (8) 
5 4.07 ± 0.19" 3.40 3.85 ± 0.14 0.95 156 ± 11.1 LI3 
(9) (9) (6) 
6 3.64 0.12" 3.03 3 .68 "" 0.15 0.91 166 "" 6.4C 1.20 
(7) (6) (7) 
7 3.83 ± 0.17" 3.19 3.60 ± 0.20 0.89 151 ± 7.2 1.09 
(11) (11) (10) 
r----------------------------------------------------------------------------------------
c. Average ± sta nda rd error of the mean 
b N umber of d eterminations in parentheses 
C p .::;: 0.05 
ct p .::;: 0.001 
days, as well as from 5 to 7 days when the 
epidermis maintains its thickened state. 
Disproportionate increases in RNA, either for 
the entire regenerating mass or per cell, are not the 
rule in organ regeneration. During liver regenera-
tion, for example, RNA, DNA, and protein, have 
been reported to accumulate essentially coordi-
pately with liver wet weight increases [7 ,8 ). When 
a disproportionate accumulation of RNA has been 
reported [9), it is small, no more than 20 to 30% 
above controls, and it is of short duration, usually 
12 to 48 hr after partial hepatectomy. 
During serum stimulation of fibroblast growth in 
vitro, RNA also accumulates coordinately with 
ON A and cell mass, except during days 1 and 2 
after seeding when the RNA/DNA ratio is mark-
edly increased [10,11). Sim ilarly , after mitogen 
stimulation of lymphocytes in vitro, such as after 
treatment with phytohemagglutinin, lymphocytes 
shovv an increased RNA/DNA ratio for a limited 
period during their growth [121. It is interesting 
that at the time proliferating fibroblasts and 
lymphocytes in vitro show an increased RNA/DNA 
ratio, the cells are enlarged [11,12), just as are the 
regenerating epidermal cells which show an in-
creased RNA/DNA ratio . This raises the possibil-
ity that the fibroblasts are showing an increased 
FN A/DNA ratio as do regenerating epidermal 
cells, because they are responding to damage. 
There are many suggestions in the tissue culture 
literature that ce lls, when first placed in culture, 
may suffer lethal or sublethal damage. Likewise 
mitogens may stimulate lymphocytes in vitro by 
dam.aging them. This is supported by the recent 
experiments of Stegman et al [13) who have shown 
that the mitogen concanavalin-A applied to the 
surface of the skin of rats produces a hyperplastic 
response similar to damage . Clearly, these possibil-
ities require investigation . 
The disproportionate accumulation of RNA seen 
in regenerating epidermis is not limited to epider-
mal growth stimulated by abrasion. It occurs after 
a single application of nontumorigenic doses of 
methyl cholanthrene [3,4 ). It is also seen in the 
hyperplastic epidermis during chemically induced 
tumorigenesis, as well as in t he papillomata them-
selves [14). What species of RNA are involved in 
this disproportionate RNA accumulation during 
epidermal hyperplasia observed in these varied 
situations, and what is the role of synthesis and 
degradation in bringing about the disproportionate 
increases in RN A are questions we are currently 
in vestigating. 
The author wishes to thank Mr. Anthony Brigandi for 
his excellent technical assistance. 
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